Enzymatic modification of small molecule imaging probes is used to detect changes in enzyme expression or activation within cells, tissues, or organisms.^[@ref1]−[@ref5]^ Although activity-based enzyme probes are widely used for *in vitro* and cellular studies, translation to *in vivo* imaging studies can be limited when the probe design lacks a method for cellular or tissue retention following interaction with an enzyme target.^[@ref5]−[@ref12]^ Localization to the site of enzyme activity can be achieved by designing the probe's pharmacokinetic properties to change following enzymatic modification, trapping the probe within the cell, as is the case with ^18^F-fluorodeoxyglucose (FDG) imaging.^[@ref13],[@ref14]^ Using a novel pharmacokinetic alteration strategy, we designed a method to localize activity-based imaging probes to the vicinity of the enzyme of interest, thus increasing intracellular accumulation in cells with higher enzymatic activity. Specifically, (i) an enamide is enzymatically cleaved at the amide bond, (ii) an aldehyde is formed via tautomerization and hydrolysis of the released enamine intermediate, and (iii) the aldehyde is retained within the cell due to nonspecific interaction with nucleophiles (e.g., lysine residues of proteins) within the cell (Figure [1](#fig1){ref-type="fig"}).

![Cell-localized, activity-based enzyme detection. Cleavage of the amide bond of the enamide followed by conversion to aldehyde leads to increased cellular retention due to reaction with adventitious intracellular nucleophiles.](cb-2014-00248r_0004){#fig1}

In addition to providing a mechanism for intracellular trapping, this enamide strategy transcends the limitations of many *in vitro* imaging strategies, as its modular design makes it suitable for labeling with magnetic resonance imaging contrast agents or radioisotopes for positron emission tomography.^[@ref15]^ Furthermore, this method affords a potential strategy for focused drug accumulation of therapeutics in cellular subpopulations expressing specific enzymes. From a synthetic standpoint, the enamide functionality also offers the potential for use as a unique, aldehyde-specific protecting group, akin to a silyl enolether. The use of an enamide functional group in these and other synthesic strategies has not, to the best of our knowledge, been explored.

In the present report, we have demonstrated preliminary support for our enamide strategy through reaction with and detection of the activity of a specific class of enzymes, the histone deacetylases (HDACs).^[@ref16]^ HDACs regulate the level of ε-amino acetylation of histone lysine residues, thereby controlling transcriptional regulation via chromatin remodeling.^[@ref16]−[@ref20]^ Published reports indicate that irregular transcription resulting from altered expression levels of HDACs is associated with cancer, neurodegenerative diseases, and psychiatric conditions, making HDACs important drug targets for these diseases.^[@ref21]−[@ref30]^ To detect HDAC deacetylation, we used an enamide bearing an *N*-acetyl group, which forms an aldehyde following deacetylation, thus leading to intracellular accumulation (Figure [1](#fig1){ref-type="fig"}). Existing HDAC activity-based probes require UV light-induced photo-cross-linking for enzyme localization, which is incompatible for *in vivo* studies.^[@ref31],[@ref32]^ A fluorescent probe, HDAC Probe-1 (HP-1), was designed for proof of concept studies aimed at demonstrating HDAC-specific intracellular accumulation. HP-1 is a derivative of 7-nitrobenzo-2-oxa-1,3-diazole (NBD) that bears an aliphatic linker, akin to a lysine side chain, with a terminal enamide (Scheme [1](#sch1){ref-type="scheme"} and [Supplementary Scheme S1](#notes-1){ref-type="notes"}). During the synthesis of HP-1, we found the *trans* and *cis* isomers to be nonisolable, with the isomers consistently obtained in a 1.5:1 *trans*:*cis* mixture. Therefore, all experiments were completed using this isomeric mixture. In addition to HP-1, we synthesized HDAC probe-2 (HP-2, [Supplementary Scheme S2](#notes-1){ref-type="notes"}), which lacks the double bond present in HP-1 and therefore cannot tautomerize to an aldehyde. Comparison of HP-1 and -2 was used to determine the impact of the double bond on deacetylation selectivity among HDAC isoforms and the necessity of aldehyde formation for intracellular retention of deacetylated HP-1 (DHP-1).

![Synthesis of HP-1 Is Achieved in 9 Steps and Enzymatic Deacetylation of HP-1 Forms DHP-1](cb-2014-00248r_0003){#sch1}

Our first studies involved analyzing the stability of the enamide functionality by incubating model compound **9** ([Supplementary Figure S1](#notes-1){ref-type="notes"}) in HDAC assay buffer at pH 2--12 for 60 min. The solutions were analyzed by HPLC at various time points during the incubation to determine the amount of conversion to the corresponding aldehyde ([Supplementary Figure S1](#notes-1){ref-type="notes"}). At pH 4--12, there was no detectable conversion to the aldehyde after 60 min, indicating that the enamide is stable under physiological conditions. However, at pH 2, full conversion to the aldehyde was seen, verifying conversion of the enamide to the aldehyde following deacetylation, and highlighting the potential for use of enamides as an aldehyde protecting group in chemical synthesis.

Next, we determined whether deacetylation, the first step of activity-based HDAC detection by HP-1, could be effected by recombinant HDAC enzymes. Incubation of HP-1 with HDAC isoforms was performed with or without the potent HDAC inhibitor suberoylanilide hydroxamic acid (SAHA) to verify that any detected deacetylation was a result of enzymatic activity.^[@ref33],[@ref34]^ LC--MS analysis indicated good conversion of HP-1 to DHP-1 in the presence of both HDAC1 and 3 isoforms with a *k*~obs~ with HDAC3 of 3.2 × 10^--5^ ± 6 × 10^--6^ s^--1^ and conversion *t*~1/2~ of ∼6 h. (Table [1](#tbl1){ref-type="other"}, [Supplementary Figure S2](#notes-1){ref-type="notes"}). By comparison, recombinant HDAC2, 6, and 8 as well as sirtuins 1 and 3 (HDAC Class III) did not deacetylate HP-1, giving HP-1 a distinct selectivity profile compared to activity-based probes designed around SAHA, a general Class I/II HDAC inhibitor.^[@ref31],[@ref32]^ While we recognized the need for ultimately optimizing the reaction rate through chemical modifications, we pressed on to assess the enamide in more biologically relevant contexts. Before proceeding we did, however, assess "off-target" selectivity. To further test the selectivity of HP-1 deacetylation, HP-1 was incubated with enzymes from three different protease classes (serine, cysteine, and aspartate). These proteases, which were confirmed as being active with positive control substrates, were also unable to convert HP-1 to DHP-1, further indicating selectivity of HP-1 for a subset of Class I HDAC enzymes (Table [1](#tbl1){ref-type="other"}). Analyses of LC--MS traces from HP-1 deacetylation indicate that the *cis*-isomer of HP-1 is not deacetylated by HDAC1 or 3, suggesting that *cis*-HP-1 does not bind to these isoforms or that the isoforms are unable to deacetylate *cis*-HP-1 ([Supplementary Figure S2](#notes-1){ref-type="notes"}). Deacetylation of HP-2 was also afforded by HDAC1 and 3 but not by HDAC2, 6, or 8 ([Supplementary Table S1](#notes-1){ref-type="notes"}), indicating that the presence of the double bond in *trans*-HP-1 does not significantly alter the HDAC isoform selectivity.

###### Enzyme-Catalyzed Aldehyde Unmasking[a](#tbl1-fn1){ref-type="table-fn"}

                 \% HP-1 to DHP-1[b](#t1fn1){ref-type="table-fn"}   
  -------------- -------------------------------------------------- -----
  HDAC1          15                                                   0
  HDAC2          0                                                    0
  HDAC3          93                                                   0
  HDAC6          0                                                    0
  HDAC8          0                                                    0
  Sirtuin 1      0                                                   N/A
  Sirtuin 3      0                                                   N/A
  Chymotrypsin   0                                                   N/A
  Pepsin         0                                                   N/A
  Cathepsin B    0                                                   N/A

The unmasked aldehyde DHP-1 is produced by enzymatic deacetylation. Percent conversion of HP-1 to DHP-1 by HDAC and Sirtuin enzymes and various proteases. A mixture of *trans* and *cis* isomers (1.5:1) of HP-1 was used for all assays; HDAC enzymes cleave only the *trans* isomer.

Percentages indicate maximum detected conversion to DHP-1.

Competitive inhibition of HP-1 and -2 with a peptide substrate for HDAC isoforms was also examined to explore HDAC isoform selectivity. The measured IC~50~ values indicate that some HDAC isoform selectivity may be related to binding affinity, as both HP-1 and -2 are deacetylated by and weakly inhibit HDAC1 (Table [2](#tbl2){ref-type="other"}, [Supplementary Figures S3 and S4](#notes-1){ref-type="notes"}). However, both HP-1 and -2 are deacetylated by HDAC3, but only HP-1 has a detectable IC~50~ for HDAC3. Furthermore, both HP-1 and -2 bind HDAC6, but neither were deacetylated by this isoform. Taken together, these data indicate that the selectivity of deacetylation of HP-1 and -2 is not dependent on binding affinity alone.

###### HP-1 Binds to Three HDAC Isoforms

  isoform   IC~50~ (μM)
  --------- -------------
  HDAC1     35.8
  HDAC2     \>70
  HDAC3     59
  HDAC6     12
  HDAC8     \>70

Following confirmation of HDAC-selective deacetylation of HP-1, we verified that deacetylated HP-1 could covalently interact with proteins (Figure [2](#fig2){ref-type="fig"}a). Initially, HP-1 was incubated with HDAC3 to form DHP-1. We then added bovine serum albumin to induce formation of covalent protein-DHP-1 bonds (i.e., imines), which resulted in a 2-fold increase in detected protein-DHP-1 binding relative to controls (Figure [2](#fig2){ref-type="fig"}b, lanes E and G, *i*; [Supplementary Figure S5](#notes-1){ref-type="notes"}). We also tested conditions with sodium cyanoborohydride (NaCNBH~3~) in order to accumulate the protein-DHP-1 conjugates via imine reduction (Figure [2](#fig2){ref-type="fig"}a). These conditions showed a greater level of protein-DHP-1 binding, with a 5-fold increase compared to controls (Figure [2](#fig2){ref-type="fig"}b, lanes F and H, *ii*; [Supplementary Figure S5](#notes-1){ref-type="notes"}). This detection of the covalent interactions between DHP-1 and adventitious nucleophiles of proteins demonstrates the potential for the DHP-1 aldehyde functionality to retain the deacetylated probe within cells.

![Unmasked aldehyde DHP-1 is produced by enzymatic deacetylation and forms conjugates with adventitious nucleophiles on proteins. (a) Mechanism of increased intracellular retention of HP-1 following conversion to DHP-1. (b) Ratio of fluorescence from the protein-DHP-1 conjugate (fraction 2) and unbound HP-1 and DHP-1 (fraction 6) collected during gel filtration chromatography of reactions A--H (A: HP-1; B: HP-1 and NaCNBH~3~; C: HP-1 and BSA; D: HP-1, NaCNBH~3~, and BSA; E: HP-1 and HDAC3; F: HP-1, HDAC3, and NaCNBH~3~; G: HP-1, HDAC3, and BSA; H: HP-1, HDAC3, NaCNBH~3~, and BSA). In the presence of BSA, DHP-1-protein conjugation occurs in the absence (*i*, *p* \< 0.001) or presence (*ii*, *p* \< 0.001) of NaCNBH~3~. In the absence of BSA, HDAC3 deacetylates HP-1 and conjugates with DHP-1 in the presence of NaCNBH~3~ (*iii*, *p* \< 0.001). Statistical analyses were performed with a two-tailed Student's *t* test. A--H, *n* = 3 and error bars indicate ± SD.](cb-2014-00248r_0001){#fig2}

Initial examination of the HDAC-dependent deacetylation of HP-1 in a cellular context was carried out using HeLa whole-cell lysate and nuclear extract, as HeLa cells are known to have a high expression of HDACs.^[@ref35]^ HP-1 was converted to DHP-1 by both the whole-cell lysate and nuclear extract, and the production of DHP-1 was not detected following addition of the HDAC inhibitor SAHA ([Supplementary Table S2](#notes-1){ref-type="notes"}). Following this, the deacetylation of HP-1 and -2 was analyzed in live HeLa cells via incubation with the probes over 24 h in the absence or presence of SAHA. Analysis of cell supernatants and lysates by LC--MS demonstrates that in the absence of SAHA 80% of HP-1 is cleaved over 24 h, forming a UV-active peak that we expect is DHP-1 bound to one or several cellular nucleophiles, although we have yet to specifically be able to identify these conjugates despite considerable effort. However, through separation of the lysate into protein-bound and unbound fractions it was determined that 33% of the intracellular fluorescent signal is attributable to the protein-bound probe (Figure [3](#fig3){ref-type="fig"}a). Additionally, the percent of HP-1 found in the lysate (2%) does not change after incubation of the cells with SAHA for 24 h, indicating that HP-1 has reached and maintained an equilibrium between the intra- and extracellular space that is not altered by SAHA. Cleavage of HP-1 incubated with HeLa cells could be reduced to 20% over 24 h through addition of SAHA (Figure [3](#fig3){ref-type="fig"}a). By comparison, HP-2 incubated for 24 h with HeLa cells has a 7.8% conversion to DHP-2 in the absence of SAHA and no detectable conversion to DHP-2 when SAHA is added.

![Cellular accumulation of enamide probe HP-1 is sensitive to HDAC activity. (a) Trapping of HP-1 in HeLa cell lysate. (b--e) Confocal microscopy images of HeLa cells in the absence (b, c) or presence (d, e) of 10 μM SAHA, added 15 min prior to incubation with 5 μM HP-1 for 2 h. Scale bars = 20 μm. (b, d) Intracellular NBD fluorescence. (c, e) DAPI nuclear stain with brightfield overlay. (f--i) Confocal microscopy images of HeLa cells in the absence (f, g) or presence (h, i) of 10 μM SAHA, added 15 min prior to incubation with 5 μM HP-2 for 2 h. Scale bars = 20 μm. (f, h) Intracellular NBD fluorescence. (g, i) DAPI nuclear stain with brightfield overlay. (e) Mean NBD fluorescence intensity of cells with 5 μM HP-1 or HP-2 ± 10 μM SAHA; *n* = 9, error bars indicate ± SD.](cb-2014-00248r_0002){#fig3}

To examine the activity-based cellular retention of HP-1 and -2, the probes were incubated with HeLa cells for 2 h prior to confocal fluorescence imaging. Incubation was performed in the absence or presence of SAHA to probe the specificity of HP-1 retention for HDAC activity. As anticipated, HP-1 incubation in HeLa cells resulted in a robust intracellular fluorescent signal, while addition of SAHA reduces the level of fluorescence (Figure [3](#fig3){ref-type="fig"}b--e,j), indicating that HP-1 deacetylation and cellular accumulation is sensitive to changes in HDAC activity. Interestingly, the HP-1 signal was localized to the cytoplasm, suggesting that HP-1 deacetylation occurred outside the nucleus or that DHP-1 diffused out of the nucleus and accumulated in the cytoplasm via interaction with intracellular nucleophiles. It is worth noting that some HDACs are known to exist in the cytoplasm as multiprotein complexes.^[@ref36]−[@ref38]^ When HP-2 is utilized for HeLa cell imaging, fluorescence was not detected within the HeLa cells either in the absence or presence of SAHA (Figure [3](#fig3){ref-type="fig"}f--j), indicating that the trappable aldehyde released by HP-1 is essential for intracellular accumulation of the fluorescent NBD moiety and the detection of alterations in HDAC activity.

Taken together, our data indicate that HP-1 is a HDAC-selective fluorescent probe that contains a chemical moiety that confers increased intracellular retention following deacetylation by HDAC enzymes. We note some areas for improvement, including increasing the rate of deacetylation and improving selectivity for a single HDAC isoform, which may be accomplished through future structural modifications. It will also be critical moving forward to reduce the level of nonspecific accumulation, while increasing the overall uptake.

In summary, we have developed a novel probe for detection of HDAC activity that utilizes a unique aldehyde-trapping strategy for the accumulation of deacetylated HP-1 within cells. This accumulation results in increased fluorescence in cells with greater HDAC activity, thus affording a probe suitable for detection of HDAC activity via an activity-based cellular retention mechanism. When extrapolated to cells within an organism, this enamide-unmasking accumulation approach offers a mechanism for increased accumulation of the unmasked aldehyde and its attached cargo in cells and tissues with increased HDAC activity. Importantly, the cargo of the unmasked aldehyde can be easily adapted to contain tracers for positron emission tomography or contrast agents for magnetic resonance imaging, thus making the described enamide-accumulation approach a potential strategy for locating increased HDAC activity *in vivo*. Further, the aldehyde accumulation strategy could be modified to detect activity from other enzymes provided substrate catalysis can drive the unmasking of an aldehyde functional group.

Methods {#sec2}
=======

General Methods {#sec2.1}
---------------

All chemical reagents were of ACS grade purity or higher and used as received without further purification. Reactions were performed using standard techniques, including inert atmosphere of nitrogen with standard Schlenk technique, when necessary. Glassware was oven-dried at 150 °C overnight. Analytical thin layer chromatography (TLC) was performed on SiliCycle TLC silica Gel 60-F254 plates with visualization by ultraviolet (UV) irradiation at 254 nm. Purifications were performed using HP silica chromatography columns by Teledyne Isco. The elution system for each purification was determined by TLC analysis. Chromatography solvents were purchased from commercial sources and used without distillation. NMR spectra were recorded at 22 °C on a Varian 500 MHz spectrometer (^1^H, 500.16 MHz and ^13^C, 125.784 MHz). ^1^H and ^13^C NMR chemical shifts are reported as δ in units of parts per million (ppm) utilizing residual solvent signals for referencing. HPLC analysis of organic synthetic reactions was conducted on an Agilent 1100 series HPLC, and mass spectrometry data were recorded on an Agilent 6310 ion trap mass spectrometer (ESI source).

Synthesis of HP-1 {#sec2.2}
-----------------

HP-1 and -2 were synthesized in 7 and 2 synthetic steps, respectively. Detailed syntheses of HP-1 and -2 are reported in the [Supporting Information](#notes-1){ref-type="notes"}.

LC--MS Characterization of HDAC Enzymatic Action on HP-1 and HP-2 {#sec2.3}
-----------------------------------------------------------------

The enzymatic cleavage of HP-1 and HP-2 was analyzed by LC--MS assays with HeLa nuclear extract (AnaSpec), HeLa whole cell lysate (Santa Cruz Inc.), and the purified HDAC isoforms: 1, 2, 3, 6, and 8 (HDAC1, 3, and 8 from Cayman Chemicals and HDAC2, and 6 provided by Dr. Stephen Haggarty). Each sample in HDAC buffer was incubated for 12 h at 37 °C. Following incubation, an aliquot of supernatant from each sample was analyzed by LC--MS. Deacetylation of HP-1 and -2 was confirmed by detection of the (M + H)^+^ ion following positive electrospray ionization. The peak area for each detected compound was measured to determine the % deacetylation of each probe. Full experimental details are in the [Supporting Information](#notes-1){ref-type="notes"}.

LC--MS Analysis of HP-1 Cleavage by HDAC3 Enzyme over Time and Determination of the Observed Rate Constant (*k*~obs~) {#sec2.4}
---------------------------------------------------------------------------------------------------------------------

The rate of cleavage of HP-1 by purified HDAC3 was analyzed by performing a LC--MS assay. Solutions containing HP-1 and HDAC3 in HDAC buffer were incubated for 12 h at 37 °C, and aliquots of supernatant from each sample were analyzed by LC--MS at *t* = 0, 1, 2, 4, 8, and 12 h. Deacetylation of HP-1 was confirmed by detection of the (M + H)^+^ ion following positive electrospray ionization. The peak area for each detected compound was measured to determine the % deacetylation. The observed rate constant was determined using Graphpad by plotting Ln(DHP-1 peak area) versus time. Full experimental details are in the [Supporting Information](#notes-1){ref-type="notes"}.

Characterization of Sirtuin (HDAC Class III) and Protease Enzymatic Action on HP-1 {#sec2.5}
----------------------------------------------------------------------------------

The enzymatic cleavage of HP-1 was analyzed by performing LC--MS assays with sirtuin 1 and 3 (Cayman Chemicals) and the proteases chymotrypsin (Sigma-Aldrich), cathepsin (EMD Millipore), and pepsin (Sigma-Aldrich). Full experimental details are in the [Supporting Information](#notes-1){ref-type="notes"}.

IC~50~ Measurements {#sec2.6}
-------------------

HP-1 and HP-2 IC~50~ values for HDAC1 were determined using the trypsin-coupled assay as well as the Caliper end point assay. HP-1 and HP-2 IC~50~ values for HDAC2, HDAC3, HDAC6, and HDAC8 were determined with the Caliper end point assay. Full experimental details are in the [Supporting Information](#notes-1){ref-type="notes"}.

HP-1 Deacetylation and Protein Binding Assay {#sec2.7}
--------------------------------------------

Solutions containing HP-1 (20 μM) in 30 μL of HDAC buffer with 5% DMSO were incubated at 37 °C for 4 h in the presence or absence of HDAC3 (3.6 μM). After incubation with HDAC3, NaCNBH~3~ (1.4 mM) or vehicle (H~2~O) and BSA (6 mg mL^--1^) or vehicle (HDAC buffer) were added to the solutions prior to an additional incubation at 37 °C for 2 h. Following the second incubation, the final samples were separated by G-25 columns (GE Healthcare), and the eluent was collected separately to obtain fractions 2--12. The fractions were transferred to a well in a 96-well, black, clear-bottom plate (Corning Incorporated), and the fluorescence was detected using an IVIS Spectrum (Caliper). To obtain the fluorescence signals, the 465 nm excitation filter, 530 nm emission filter, and a 5 s exposure were used. For analysis, the total photon flux over the area of each well was determined. Full experimental details are in the [Supporting Information](#notes-1){ref-type="notes"}.

HDAC Activity in HeLa Cells with HP-1 {#sec2.8}
-------------------------------------

### HeLa Cell Culture and Treatment with HP-1 and HP-2 {#sec2.8.1}

HeLa cells (ATCC) were grown as a monolayer in Eagles Minimum Essential Medium (EMEM, GIBCO, BRL) with 10% fetal bovine serum (FBS, GIBCO, BRL) and 1% penicillin/streptomycin (100 mg mL^--1^). All cell culture dishes were maintained in a humidified atmosphere with 5% CO~2~ at 37 °C.

### Determination of HDAC Activity in HeLa Cells by LC--MS {#sec2.8.2}

HeLa cells grown in 600 mL cell culture flasks were treated with HP-1 or -2 ± SAHA so that the final concentrations were 5 μM for HP-1 and -2 and 10 μM for SAHA. Incubations were in HDAC buffer with 0.01% DMSO at 37 °C for *t* = 1, 2, 4, 8, 12, and 24 h. Following incubation, the medium was removed, and the cells were washed three times with DPBS buffer. Cells were scraped off of the flask and lysed in Millipore water using a mechanical homogenizer, and the supernatant of the lysed samples was analyzed by LC--MS. Cleavage and accumulation was confirmed by detection of the (M + H)^+^ ion following positive electrospray ionization. The peak area for each detected compound was measured to determine the % conversion versus time. Full experimental details are in the [Supporting Information](#notes-1){ref-type="notes"}.

### Determination of HDAC Activity in HeLa Cells by Fluorescence {#sec2.8.3}

HeLa cells grown in 600 mL cell culture flasks were treated with HP-1 or -2 ± SAHA so that the final concentrations were 5 μM for HP-1 and -2 and 10 μM for SAHA. Incubations were in HDAC buffer with 0.01% DMSO) at 37 °C for *t* = 1, 2, 4, 8, 12 and 24 h. Following incubation, the medium was removed, and the cells were washed three times with DPBS buffer. Cells were scraped off of the flask and lysed in Millipore water using a mechanical homogenizer, and the protein bound probe fraction of cell lysate was separated by a Micron centrifugal filter device. Each cell lysate sample (before and after separation) was transferred to a well in a 96-well, black, clear-bottom plate (Corning Incorporated), and the fluorescence was detected using an IVIS Spectrum (Caliper). To obtain the fluorescence signals, a 465 nm excitation filter, a 530 nm emission filter, and a 1 s exposure were used. For analysis, the total photon flux over the area of each well was determined. Full experimental details are in the [Supporting Information](#notes-1){ref-type="notes"}.

### Imaging HDAC Activity in HeLa Cells with HP-1 and HP-2 {#sec2.8.4}

An acid-washed, polylysine-treated sterile glass coverslip was added to each well of a 6-well plate, and HeLa cells were plated at a seeding density of ∼2.5 × 10^5^ cells mL^--1^ in 2 mL of growth medium. After 24 h, the cells reached 80--85% confluence. Cells were treated with HP-1, HP-1 with SAHA, HP-2, or HP-2 with SAHA so that the final concentrations of HP-1 and HP-2 were 5 μM in HDAC buffer (with 0.01% DMSO) and incubated at 37 °C for 2 h. Following incubation, the medium was removed, and the cells were washed three times with HDAC buffer and fixed with 4% paraformaldehyde in PBS. Coverslips were mounted on a drop of Gel Mount (antifade with DAPI nuclear stain) and analyzed by confocal imaging.

### Confocal Fluorescence Imaging {#sec2.8.5}

Confocal fluorescence imaging was performed with a Zeiss laser scanning microscope 710 with a 63× objective lens and Zen 2009 software (Carl Zeiss). HP-1 and HP-2 were excited using a 488 nm Ar laser, and emission was collected using a META detector between 500 and 650 nm. Full imaging and analytical data are in the [Supporting Informaqtion](#notes-1){ref-type="notes"}.

This material is available free of charge via the Internet at <http://pubs.acs.org>.
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